The sensitivity and specificity of an immunoperoxidase monolayer assay (IPMA) was evaluated in a blind serologic study of a group of disease-free pigs and a group of pigs experimentally infected with intestinal homogenate containing Lawsonia intracellularis organisms. Sixty pigs from the control group were kept in the source farm, and another 60 animals were transferred to an isolation unit and challenged intragastrically. All animals were bled before and 21 days after challenge. Fecal samples were collected on the same dates. The IPMA results were tested for sensitivity and specificity in a 2 ϫ 2 table using the challenged and nonchallenged status as gold standard. Sensitivity and specificity were evaluated for different cutoff points (serum dilutions). Specificities of 100% were obtained for all the serum dilutions tested (1:15, 1:30, 1:60, and 1:120). The sensitivity levels were 90.7%, 88.9%, 81.5%, and 75.9% for the serum dilutions 1:15, 1:30, 1:60, and 1:120, respectively. The sensitivity of the dilution 1:15 was slightly, but not significantly, higher than the dilution currently used as the cutoff point (1:30). Cross-reactivity of the IPMA test was evaluated using sera from pigs experimentally inoculated with Brachyspira pilosicoli and various Campylobacter species. All these samples were negative. Sera samples from 3 porcine proliferative enteropathy known negative populations, 40 growing pigs from 2 commercial farms and a group of 6 cesarean-derived and colostrum-deprived pigs, also tested negative by IPMA. The IPMA serologic test with the cutoff point of 1:30 showed specificity of 100% and sensitivity close to 90% and, therefore, is an appropriate diagnostic test for herd screening but not for diagnosing PPE on the individual level.
Porcine proliferative enteropathy (PPE) is an intestinal infectious disease caused by the obligate intracellular bacterium, Lawsonia intracellularis. 9, 10 The epidemiological status of the swine population worldwide regarding PPE is poorly known. Two of the antemortem methods currently available for diagnosis of PPE are polymerase chain reaction (PCR) of fecal samples 4 and serology. 5 Previous studies 1, 5 have shown that the indirect fluorescent antibody (IFA) serology test is much more sensitive than PCR in fecal samples for detecting experimentally infected pigs. Sensitivities were 90%-91% versus 39%-67% for serology and PCR in fecal samples, respectively. The specificity of PCR in fecal samples is virtually 100%. 4 There was no cross-reactivity of hyperimmune sera of pigs experimentally infected with different enteropathogenic bacteria in the IFA test. 5 But there is no information about the specificity of the IFA serology test.
Recent data have shown that the immunoperoxidase monolayer assay (IPMA) has similar sensitivity to the currently used serologic test, the indirect immunofluorescence test, for detecting PPE-affected animals. 2 The IPMA test has the advantages of not requiring the use of a fluorescent microscope, being easier to interpret, and having stable color reactions for several months, thereby providing a lasting record of the results that can be stored for a longer time. Before the IPMA serologic test for L. intracellularis can be used as a routine technique, further evaluation of its sensitivity and specificity is needed.
The ideal setting for any diagnostic test validation is in the field. But even with the diagnostic tools currently available, it is difficult to access with confidence the real L. intracellularis infection status of a group of animals in the field. Another obstacle is the necessity for a cohort group of L. intracellularis-free animals under similar conditions. Therefore, it was decided to conduct this study under experimental conditions, using challenged animals and known negative cohort pigs from the same farm source and originally from the same weaned group. The purpose of this study was to determine the specificity and sensitivity of the IPMA serologic test for PPE in experimentally infected animals 3 weeks after inoculation.
The sensitivity of the IPMA on the basis of previous serologic reports was expected to range from 90% to 93%. 1, 2, 5 To determine the sample size that would give an acceptable margin of error, the formula of binomial proportion (p Ϯ z* ͙p(1 Ϫ p)/n) with 95% confidence, estimated sensitivity of 92.5%, and 3 sample sizes (60, 120, and 300) was used. The margins of error using the sample sizes of 60, 120, and 300 animals were 92.5 Ϯ 6.7, 92.5 Ϯ 4.7, and 92.5 Ϯ 3.0, respectively. On the basis of these results the sample size of 120 five-week-old pigs, 60 pigs per group, that had the expected estimate of error of 6.7% was used in this trial.
All animals were from a herd that was serologically negative by tissue culture IFA and PCR negative in fecal samples of L. intracellularis and also serologically negative for porcine respiratory and reproductive syndrome (PRRS) and Actinobacillus pleuropneumoniae. The herd was clinically negative for Salmonella choleraesuis, transmissible gastroenteritis, and pathogenic Brachyspira species. Segregated early weaning at 16 days of age to an off-site nursery was routinely performed on the farm to minimize respiratory disease.
The animals were divided into 2 groups. Sixty pigs were transported to an isolated unit and inoculated with an intestinal homogenate from PPE-diseased mucosa via the stomach tube. The remaining 60 animals were kept at the source farm as negative controls.
The inoculum was prepared from several porcine intestines affected by histologically confirmed PE, as described elsewhere (Winkelman NL, Pauling GE, Bagg RN, et al.: 1998. Proc 29th Am Assoc Swine Pract, Des Moines, IA: 209-211). The scraped mucosa from these affected intestines was blended with sucrose-potassium-glutamate solution in the proportion of 1:1 w/v. Quantification of the bacteria by immunoperoxidase staining a using a monoclonal antibody specific for L. intracellularis organisms 8 was accomplished by making serial 1:10 dilutions of the inoculum in sterile phosphate-buffered saline (PBS). A 15-well glass slide was coated with 10 l of each dilution, dried at 37 C for 30 minutes, and then stained as described elsewhere. 1 All pigs received a dose of 60 ml of the inoculum, and the total dose given per pig was approximately 6.6 ϫ 10 9 L. intracellularis organisms. Aliquots of the inoculum were sent for bacteriologic, parasitologic, and virologic screening to rule out possible confounding diseases.
Fecal samples from 40 animals (20 controls and 20 infected animals) were collected on day 0 to confirm the negative status of the herd. Fecal samples from all 120 animals were collected on day 21 and tested by PCR for L. intracellularis 4 to ensure that the infected group responded as expected to the challenge and that the control group was still negative at the end of the experiment.
Serum samples collected from all animals from both groups on days 0 and 21 were blindly tested by the same person using the IPMA test described elsewhere. 2 Briefly, 96-well plates containing acetone fixed monolayer of McCoy cells highly infected with L. intracellularis were rehydrated with distilled water for 10 minutes at 37 C. After discarding the distilled water the serum samples were added to the wells and the plate was incubated for 30 minutes at 37 C. Then, the plate was washed and anti-porcine IgG-peroxidase conjugate, b diluted 1:600 in buffer (PBS with 2.5% fetal bovine serum, 1% inactivated porcine serum, and 0.08% Tween 80), was added, and the incubation proceeded for 45 minutes at 37 C. The plate was washed again, and prediluted chromogen b (AEC, 3-amino-9-ethyl-carbazole) and hydrogen peroxide (H 2 O 2 ) solution, prepared in accordance with the manufacturer's instructions, was added to each well and incubated at room temperature for 20 minutes. The plate was washed, allowed to dry, and examined using an inverted light microscope. Positive samples had red-labeled bacteria in the cytoplasm of infected McCoy cells and also extracellularly.
Cross-reactivity was tested with serum from pigs experimentally exposed to the following enteric pathogens and known to have antibodies against them: Brachyspira pilosicoli, c B. hyodysenteriae, d Escherichia coli (K88), Campylobacter mucosalis, C. jejuni, and C. coli. e Specificity was also evaluated in 3 populations of pigs known to be free from PPE. Serum samples collected from 20 12-week-old and 20 6-week-old pigs from 2 different commercial farms in southeast Minnesota were tested by the IPMA test. No clinical signs of PPE were observed in the last 2 years in these 2 herds, and all 40 samples had been tested negative by the IFA test against L. intracellularis. Three serial serum samples collected 1 week apart from 6 cesarean-derived and colostrum-deprived (CDCD) 8-weekold pigs were also tested by the IPMA test. The IPMA results for the serum samples collected from the pigs of the experimental study were tested for sensitivity and specificity in a 2 ϫ 2 table using the challenged and nonchallenged status as gold standard. Sensitivity and specificity were evaluated for each of 5 different cutoff points (serum dilutions).
All serum samples collected on day 0 were negative by IPMA, as were the 40 fecal samples collected on day 0 and tested by PCR. The intestinal homogenate used as inoculum was free from B. hyodysenteriae, B. pilosicoli, Yersinia species, S. choleraesuis, S. typhimurium, and beta hemolytic E. coli. It was negative for parasite ova and oocysts by flotation fecal examination. Electron microscopy examination of the inoculum sample was negative for viruses.
Six of the 60 challenged pigs had to be humanely euthanized during the experiment because of poor clinical condition. These 6 pigs had extensive macroscopic lesions in the ileum and jejunum characteristics of PPE. These diagnoses were confirmed by histologic section stained by immunohistochemistry specific to L. intracellularis. 8 Fifty of the 53 fecal samples collected from the challenged pigs on day 21 postinoculation tested positive by PCR. One fecal sample of the 54 challenged pigs was missed and was consequently not tested by PCR. All 60 fecal samples collected from the noninfected pigs on day 21 were negative by PCR.
The specificity and sensitivity results of the IPMA serologic test using different sera dilutions of 54 challenged and 60 nonchallenged pigs are shown in Table 1 . Despite the slightly better sensitivity of the 1:15 dilution, more background was observed in this dilution than in the other dilutions, and there was no statistical difference to the 1:30 dilution when compared by the chi-square test.
Porcine antiserum against B. pilosicoli, B. hyodysenteriae, E. coli (K88), C. mucosalis, C. jejuni, and C. coli did not react in the IPMA test using 1:30 dilution of the sera. All 40-serum samples collected from the 2 commercial herds and the 3 serial samples collected from the 6 CDCD pigs were negative by IPMA using 1:30 dilution of the sera.
Serology has been used as an inexpensive and easy diagnostic tool to access the disease status and epidemiology of different infectious agents in pig production systems. More recently, it has been applied to the diagnosis of PPE in experimental studies. [1] [2] [3] 5 Detectable antibodies against L. intracellularis seem to correlate with the presence of gross lesions rather than with exposure to the bacteria. 1, 6 The increasing interest and demand for L. intracellularis serology have instigated the evaluation of sensitivity and specificity of the IPMA. This first validation study was conducted using experimental challenge conditions because of limitations of finding infected and cohort groups of pigs under similar field conditions. To the authors' knowledge, this was the first The negative status of the pigs used in this study was confirmed by the negative serology and fecal PCR. The high percentage of animals shedding L. intracellularis detected by PCR showed that the challenge was successful. The mortality observed in the challenged group, 6 out of 60 pigs, was similar to that which is usually observed when using mucosa homogenate as the challenge model. 1, 2, 7 The background present when using the undiluted serum made the preparations extremely difficult to interpret, which explains the low specificity (5%). The high specificity (100%) observed with all serum dilutions in the experimental study was corroborated by the negative results obtained with the serum from growing pigs from the 2 PPE-free commercial farms, the CDCD animals, and the pigs hyperimmunized against B. pilosicoli, B. hyodysenteriae, E. coli (K88), C. mucosalis, C. jejuni, and C. coli. These results allow confidence in the positive results obtained with the test.
The sensitivity of the IPMA serologic test showed a logical progressive decrease from the undiluted (92.6%) to the higher dilution (75.9%) ( Table 1 ). Because of the low specificity observed with the undiluted serum, it was not compared with the other dilutions. The sensitivity of the 1:30 serum dilution was slightly lower than that of the 1:15 dilution but not statistically different. The background observed often in the 1:15 dilution may cause confusion in interpretation. Therefore, the 1:30 dilution that had been currently used as cutoff point 2,5 was chosen as the best option.
The IPMA is a highly specific (100%) and fairly sensitive (89%) serologic test using the serum dilution of 1:30. On the basis of these results the IPMA seems to be an appropriate diagnostic test for herd screening but not for diagnosing PPE on the individual level. Other studies are currently in progress using IPMA serology under field conditions.
